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Abstract 
Diversity climate of Algeria gives opportunities to export a wide range of fruit and vegetables. But the drying of these 
products is a particularly hungry for energy, which encourages us to reflect on the more efficient use of available 
resources and especially the use of renewable energies, such as solar energy. The objective of this work, based on a 
theoretical study is to investigate the energy efficiency of two components of a solar drying unit (collector, stock), 
which aims to satisfy a design already made for a well-defined energy needs: dry a quantity of product for a given 
day of the harvest season with a heat storage that relays the night. 
 
Keywords:Design - Modeling - Solar - Storage - Clearance - Profitability energy 
1. Introduction  
Our article presents an energy model of a unit of drying which functions only with solar energy; this 
unit is intended for the drying of the agro-alimentary products into the Este of Algeria. Considering the 
sun is absent during the night (an average of 0.5 day) we will use a storage system of energy for that, in 
our work, we will present a model of transfer of heat relative to two components of the system (collector, 
stock), has fine to test, its reliability, its dynamics and its accountancy with macroscopic dimensioning 
carried out. 
2. Energy production unit  
2.1 Modeling of the collector  
The bibliographical work and the calculation of geometrical characteristics, has helped us to select a 
collector to air to corrugated absorber, simple glass, past before and designed with local materials. This 
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collector allows the movement of air flow of 0,014 kg/s and it is assumed that it is south facing and tilted 
to an angle neighbor of the latitude of the place considered (Batna- Algeria). The study by modeling is 
based on the heat balance in each element constituting this type of collector. The balance sheets of energy 
on the glass, the absorber and the fluid are respectively represented below (According to figure 3): 
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The efficiency of the collector is: 
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The average temperature of the absorber and the outlet temperature are: 
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The convection coefficient inside the collector is calculated using the relation suggested by Hollands 
and al. [7].  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For the calculation of the coefficient of thermal losses and side collector postpones. 
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The coefficients of radiation and convection wall – low are determined by the expressions below: 
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2.2 Methodology of simulation: 
The resolution starts with the estimate of the temperature of the absorbing wall. The resolution of the 
preceding equations makes it possible to determine η and qu, which gives us the new value of the 
temperature of the absorbing wall. This process continuous until convergence of the solution. 
3. Solar storage unite  
The surplus of solar energy used is stored in a support to be used thereafter. Stock will be coupled with 
a plane solar panel with air and a drier. We chose the air like coolant and the gravel of specific heat 0,99 
kJ/kg.K and a density of 2702 kg/m3. Stock consists of a vertical tube bundle, all around them a stacking 
of the gravel laid out regularly and in bulk. The ventilation system ensures the circulation of coolant 
following the vertical direction. 
3.1 Storage during the sunshine: 
In order to simplify the calculation, it has recourse to the following assumptions:  
- Not axial conductivity, and physical properties constants,  
-The thermal losses is negligible, and the thermal resistance through the thicknesses of the tubes is 
negligible.  
The stock is divided into N equal installments of section A and thickness Δx. In a section i at time t the 
two parameters are the temperature Tflui(i,t) of the air and Tfluis(i, t ) gravel. 
3.2 Destocking during the absence of the sun 
The phase of destocking is similar to that of storage, same assumptions except that one must hold in 
account of the thermal losses. 
Heat balance of a section i for the gravel 
ρs.A.x.Cps.[Tfluis(i, t+t) −Tfluis(i,t)] = hv.A.¥x.t.[Tfluis(i,t) − Tflui(i +1,t)]−Qp (i, t) ---------     ----(17) 
Heat balance of air 
ρf .®.Cps .[Tflui ( i, t ) − Tflui (i +1, t)] = hv.A. x.[Tfluis (i, t ) − Tflui (i +1, t)] --------------------------     (18) 
Only one expression can be deduced by making the assumption that: 
Tfluis ( i, t) = Tflui ( i, t )  
ρs .A.x.Cps .[ Tfluis(i, t +t)− Tfluis(i, t ) ] = ρf .®.Cpf .x.[ Tflui (i, t)− Tflui(i +1, t )] − Qp (i, t ) --  -(19) 
The losses in a section i are determined by the following expression: 
Qp (i, t) = he .AL.[ Tfluis( i,t) −Ta ]      ----------------------------------------------------------------------------(20) 
The total coefficient of losses is determined by the following expression: 
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4. Results and discussion   
On figure 1, the temperature of exit of the collector can exceed 85 °C for a whole-body irradiation of 
900 W/m². The values of temperature of exit of the collector according to whole-body irradiation are 
compatible with the values estimated at the entrance of stock. 
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In Figure 1, the temperature collector output can reached 90 ° C for a global irradiation of 1050 W / 
m²; temperature values of the collector output as a function of irradiation lobale are compatible with the
estimated values to the input of the stock.
Figure 2, represents the distribution of the temperature of the air along the slices of stock during the
sunning. The duration of sunning is 10:00 for an air flow is of 0.014 kg/s constant. The last distribution of 
temperature in the gravel makes it possible to have an average temperature of 52 °C, which is worth a
temperature variation of stock of 9 °C, which is compatible with ΔT = 10°C, estimated by the
macroscopic approach.
5. Conclusion
This digital simulation made it possible to estimate the output and the temperature of the association of a 
solar panel at air with storage and destocking of solar energy for ends of drying. These results will be
compared soon with the experimental results of the prototype (collector, stock, drier). Results obtained
show that the coupling is very useful and also represents a solution for drying will not be interrupted and
the drying rate is almost the same as in the day, so this method will be very useful for heating water.
Fig.3-The collector Thermal exchange
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Fig.1. Variation of the temperature of exit of the air of the
collector according to whole-body irradiation
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Fig.2. Distribution of the temperature of air along stock 
during storage
L
l
e
Air outlet
Cooled Air
entered
hr-v-a hc-v-a
hr-v-p
hr-p-v 
Tp 
Tfe
Tfs
T
hcpf 
hcvf hrvp 
hcpf 
e
I
Tamb Tc
   glass
Black 
Plate
     Isolant
T0=Tamb
390   S. Manaa et al. /  Energy Procedia  36 ( 2013 )  386 – 390 
 
Fig.4. Drier used 
 
Nomenclature 
 
Tpla : Temperature of 
the absorber 
Tflui  : Temperature of the 
fluid 
Tvit  : Temperature of the 
glass 
Tamb  : Ambient Temperature 
Tciel  : Temperature of the sky 
hr : coefficient of exchange 
per radiation 
k : conductivity of the absorber 
m : mass flow 
e : Thickness of the absorber 
A : collector Surface 
hc : Coefficient of exchange by 
convection 
UL : Loss Coefficient global 
q : Heat Flow 
Cp : Heat-storage capacity of 
air 
G : Incidental total radiation 
 qn : Quantity of absorptive 
heat 
qu : Quantity of useful heat  
Dab : Factor of absorption of 
the absorber 
Qca :power which is 
absorbed by collector 
τv  :Factor of transmission of the 
glass 
H:  Emissivity 
V:  Constant of Stefan-Boltzmann 
eisol : Thickness of insulator 
cutting board 
ecofret : Thickness of box 
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